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Main    CVODE   Integrator

cvode.h, cvode.c

spgmr.h, spgmr.c

    SPGMR

LLNLMATH

llnlmath.h, llnlmath.c

ITERATIV

iterativ.h, iterativ.c

cvspgmr.h, cvspgmr.c

CVSPGMRCVDIAG

cvdiag.h, cvdiag.c

User Program

main(...),    f(...),    Precond(...),     Psolve(...)

Future additional
  linear solvers

NVECTOR

nvector.h, nvector.c

LLNLTYPS

llnltyps.h
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C�;=C 3
3��"N59MXKI|c6VK;|T6j4P^F	ª6_	`�:49�XK;kJdGyNdH	:^@4;^G"�8J/XK]|c^V0;1v�:6HKD�A0t6]K96J^IkHdX0J	:¢>�JdG	c�H5l|c^V0; 3
38ik;^}	c4HdX1L"J^c5G�9WB&JKNhJ�:5;6l5ch>kG4;KDdHdX4]09Wc09^HWX0;6G�C«[zDdHd>kp&H5l�c6VK;8v�:6HKD�A0t6]K96J^IkHdX0J	:h3
3�>0J^G5c�H5l|c6VK;f¬6JkD^HdvO96J/Xy9kN&NdJ^@4;6]&JWX4]�D^HWXK]09/c�9dHdX�J5:	:dp{Gk;d��NW;5]{}�9Wc^V"9�X�c6V0; 3
38F5G4;4D^HdX4]hG4HW�4c09�X0;�C 3
3 3
38Fk;6G	lkH6GWL"J/X"D^;1]4JdcKJ�JWX4]�N^JML4>0:5;5]fNdHk:/�4c09^HdX�@KJ	:/�0;KN1J^Gk;1>4G�9MX4ck;5]&JdczNd;k:6;KD/c4;5]&3
3{HW�4c^>	�4chc�9�L�;0N�Y­JWX4]�J	:	:8>K;6G	lkH6GWL"J/X"D^;�D^HW�	X4ck;6G�N8J^Gk;1>4G09�X4ck;5]�HWXnD^H�L4>�:6;6c09^HdXSCE3
3 3
38�^V"9	N�@4;6G�N59dHdX|�"Nd;0N¢_kFO®8l	H6Gh�"Nd;6G�GkHd�kc�9�XK;0N�Y,JWX4]|c6VK;{_kFO®d¯^F5jKxdR	u�NWHk:^@k;6G�C 3
38u	Bk;4D��4c09^HWX°<«>k@5AkB�tWX	>K;0N�i }O9/c6V�i&��i	F5uk¤03/i	F5u	¥���Nd;5;fD^HdX"N/c4JWX4c�N�vK;k:5Hd}���C 3
353	353	3	353	353	3	353	353	3	353	353	3	353	363	353	363	3	3535353	363	353	363	3	3535353	363	353	363	3	3535353	363	353	363	3	3535353	363	353	36362

± 9MX"D^:W�K]	;��KN�ck]K9^H=C²V�³
± 9MX"D^:W�K]	;��KN�ck]k:49�vSC´V0³
± 9MX"D^:W�K]	;���LOJ^c^V°C´V0³
± 9MX"D^:W�K]	;qµM:5:WX0:^c	p^>�N�C´V
µ 2k31]k;6l09�XO9Wc09^HdX"N�H6l|G4;kJ5:�Y¶9MX4ck;5Ik;^G=Y�vKH	H	:5;�Ya�5`5¦ku=Y�7k[5g4P^u�362
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± 9MX"D^:W�K]	;qµ/D/@4H6]k;=C²V
µ 2k3¢L"Jk9�X�T6j4xdR	u{V0;	J6]k;^G�l09^:5; 362
± 9MX"D^:W�K]	;qµ/9/c4;^GKJ^c09W@�C´V
µ 2k3�D^HWX4cKJk9�X"N�c6VK;�;dX5�6LylkH^G�c	p^>0;0N�H5l{>4Gk;KDdHdXK]K9Wc09^HdXO9�X4I 362
± 9MX"D^:W�K]	;qµ/D/@ON�>KIWLKGZC²V
µ 2k3���NW;�T6jKPdFkª^_	`f:k9�X0;	J^GyNWHk:d@4;6G�;kJ4DMVz9�Xkc4;^G6X�J5:�N/ck;d> 362
± 9MX"D^:W�K]	;qµWN�L"J5:	:6]	;dX"Nd;=C²V
µ¶243��"Nd;|Ik;WX0;^G�9	D¢Rku5iKP^uzNWHk:d@4;6Gf9�X�>4Gk;KDdHdXK]K9Wc09^HdXO9�X4I 362
± 9MX"D^:W�K]	;qµ�Xk@4;4DWc4H^GZC²V
µ 2k31]k;6l09�XO9Wc09^HdX"N�H6l|c	p6>K;{iK¯dj4;4DWc4H^G=Y·LOJ4D/G4H{i4¯^j5Rk[5�	[ 362
± 9MX"D^:W�K]	;qµM:5:WX0:�L"Jdc6VSC´V
µ 2k3�D^HWX4cKJk9�X"N8P	¸W`{L"JkDWG4H 362
± 9MX"D^:W�K]	;qµ�Lk>"9
C´V
µ

2438F5G4HWv�:5;�LyT	HWX�N�cKJWXkcON1362

± ]	;5lK9�X0;1i	jk[^`0P ~ 243�X5�6L4vK;6G&H6lyNM>K;KD	9d;0N 362
± ]	;5lK9�X0;8�	\ o�C��5;kt6  243�VKH6G�9W£kHWX4cKJ5:1]K9dl	ld��N69W@�9/c	p8�5Vq362
± ]	;5lK9�X0;1j	u	g �=C��5�Om 243|J^]5@4;4DWc09^HdX|@4;	:5HKD59Wc5phj 362
± ]	;5lK9�X0;8�kj4� m�C��5;kt6s 243&DdH	;5l5l095D	9^;WX4c&9�X��k@���pO� 362
± ]	;5lK9�X0;|¸�m m�C� 5�	;	t�m/  243&DdH	;5l5l095D	9^;WX4c�N��Om�Y,�4~
Y¹D^� 362
± ]	;5lK9�X0;|¸	~ o�C� 5 	;	t�m/ 
± ]	;5lK9�X0;hT	� �=C�º5;Om� 
± ]	;5lK9�X0;{[k� ~	~�C� k~ 243&DdH	;5l5l095D	9^;WX4c&9�Xy;5Bd>4Gk;0N	N69^HWX&lkH^G��k����cO�h362
± ]	;5lK9�X0;{[	o º=C� 5�Om 243&DdH	;5l5l095D	9^;WX4c&9�Xy;5Bd>4Gk;0N	N69^HWX&lkH^G��	o
��cO�h362
± ]	;5lK9�X0;hTOmW¯5P5T6[5g	u m�C��5;	  243&DdH	;5l5l095D	9^;WX4c�N19MXn9�X"9/c�9^J	:�>kG4H5lK96:6;0N 362
± ]	;5lK9�X0;hTk~	¯5P5T6[5g	u m�C��5;Om/~

± ]	;5lK9�X0;1�4� �=C�� 243&9MX"9Wc096J5:8c�9�LO;f3^2
± ]	;5lK9�X0;1iKxW¦k� mW~ 243�X5�6L4vK;6G&H6l&Hd�kc6>	�kc|c�9�LO;KNh362
± ]	;5lK9�X0;1�5b0xW\	` ºk~5�5�=C�� 243�X5�6L4vK;6G&H6lyNd;4D^HdX4]�Nh9MX�c5}4H1V0Hd�kGON 362
± ]	;5lK9�X0;8\4[5g575Rk[5¥ o�C��	~5;6o 243�X5�6L4vK;6G&H6lyNd;4D^HdX4]�Nh9MXyJ8V�J5:6l�]4Jdpy362
± ]	;5lK9�X0;1FO® �=C�m�o"m/�5r	~5 k�6�k�6s	r	s 243�>O9�362

± ]	;5lK9�X0;{¤6_"®�i �=C�� 243{I6G�9d]8v0Hd�5XK]kJ^G�9d;0N19�XfB 3^2
± ]	;5lK9�X0;{¤6_4[5¤ ~5�=C��
± ]	;5lK9�X0;1¥5_"®�i �	�=C�� 243{I6G�9d]8v0Hd�5XK]kJ^G�9d;0N19�X�p 3^2
± ]	;5lK9�X0;1¥5_4[5¤ �5�=C��

± ]	;5lK9�X0;1i	F	u	¤ ~ 2k3�X0H�CaF	uON|9MXfB&]09WGk;KD/c�9^HWX�H6l|F	ufJ^G5GKJdpy362
± ]	;5lK9�X0;1i	F	u5¥ ~ 2k3�X0H�CaF	uON|9MX�p�]09WGk;KD/c�9^HWX�H6l|F	ufJ^G5GKJdpy362

2k38�4H^cKJ	:8XKH=CaF5uON8�|i	F5uk¤K3Wi	F5u	¥�362
± ]	;5lK9�X0;8_4¤4P/¦4§ � 2k3�X0H�CQB|>KHK9MX4cON�>0;6GzN��	v4I5G�9W]f362
± ]	;5lK9�X0;8_k¥KP/¦4§ � 2k3�X0H�Cap�>KHK9MX4cON�>0;6GzN��	v4I5G�9W]f362

± ]	;5lK9�X0;8_4¤ ��i	F5uk¤K3/_4¤kPW¦k§"� 2k3�_4¤&�{X	�^L4vK;6G&H6l�B{L�;0N�V|>0H49�X4c�Nh362
± ]	;5lK9�X0;8_k¥ ��i	F5u	¥03/_k¥4PW¦k§"� 2k3�_k¥��{X	�^L4vK;6G&H6l|phL�;0N�V|>0H49�X4c�Nh362

2k3hPW>0J^c�9^J	:�L�;0N�Vn9kN�_4¤{vkp|_k¥z362

243{T^j4H6]k;^_KJ	:5:5HKD�T	HWX�N/c4JWXkcON{3^2

± ]	;5lK9�X0;8`k�Kxdg m�C��	;	t	� 2k3&N5D^J	:	JdG|G4;	:	Jdc�9W@k;{c4H	:5;^GKJWXOD^;�362
± ]	;5lK9�X0;17	gKx5xd` m��	�=C�� 2k38@KJ5:W�0;hH5l&TOm8H^G�Tk~�J^c|}6V"95D�V�c4H	:5;^GKJWXOD^;KN{362
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2k3�D�V0JWXKI	;hl5GkH/L�Gk;k:	Jdc�9/@4;1ckH&JWv"NdHk:/�4ck; 362
± ]	;5lK9�X0;{[5�Kxdg ��`k�Kxdg�3/7	gKx5xd`"� 2k3&N5D^J	:	JdG�JWv"NdH	:W�4ck;{c4H	:5;^GKJWXOD^;�362

243�¦"Nd;^GKt6]	;5lK9�X0;6]�LOJ^c	G09dB&JkD	Dd;0N	NWH6G�L"J4D/G4H�<�®5¬/c6Vn362

243&®6¬Wc^Vn9kN8]k;6l09MX0;5]�9�X�H6G	]k;^G|c4Hh}kG09Wck;�D^H6]k;{}5VO9	DMVz9�X4]k;5B	;0Nh9MX4ckHfN�LOJ	:	:h]	;dX"Nd;
LOJ^c5G�9	Dd;0N�}�9Wc^V�J���G4Hd}�Y�D^Hk:/�6LkX��¶>�J49/G=YQ}6V0;6Gk;ym8�6��GkH^}�Y�D^H	:W�6LkXf�^�|i	jk[^`0P�C

®6¬Wc^V=��J
Y�9�Y�»���G4;6lk;6Gk;dXOD^;0N¢c6VK;���9�Y¼»��Mc6Vf;WX4c	G5p&H5l|c^V0;�N�L"J	:5:�L"Jdc	G09dB|G4;	J	:&3536J
Y
}6V0;^G4;zm8�6��9�Y�»&�^�|i	jk[^`0P�C��6VK;�N�L"J5:	:�LOJ^c	G09dBhGkHd�kc�9�XK;0N19�Xf]k;WX�NW;=C´V
}4H6G6A�}O9Wc^V{L"Jdc	G09	D^;KN|N/ckH6Gk;5]1vkpyD^Hk:/�6LkXz9�XzJ�~	t^]09�LO;dX"N59dHdX�J5:{JdG	G4J^pZC­®MX�T�Y
JdG	G4J^pON8J^G4;f9MXK]	;5Bk;6]�N/c4J^G5c�9�X4I&J^c���YaX0H^cqm�C�362

± ]	;5lK9�X0;�®5¬Wc^V=��J�Y�9�Y�»0� ��J=½�»	t�mM¾Z½�9^t�mM¾O�

2438�5p6>K;¿<?¦�Nd;^G5RKJ^cKJ
DdHdXkcKJ49MX�N¢>kG4HWv�:5;�LqD^HWX�N�cKJWXkcON�Y?>4Gk;KDdHdXK]K9Wc09^HdXK;6G�v�:6HKD�A"N�Y?>"9W@kH6cfJdG	GKJdpON�Y
I6G�9W]�D^HdX"N/c4JWX4c�N�YUJWXK]{>kG4H4D^;0N5NdH^Gf9�X4]095D^;0N{362

c	p^>0;6]k;5lfN/c	G^�"D/c�À
G4;	J	:h�5o�Y­H/LSY,]	B�Y,]5p=YaV4]0DdH�Y�V0J4D^H�YQ@k]KD^H�Á
G4;	J	:8�K;5B5cZ½Âi5jk[6`KP43��¼_4¤kPW¦k§k�4~K�63��¼_k¥4P/¦k§k�	~0��¾�Á
9�Xkc4;6Ik;6G�L0pK¯/>0;�Y¶9kN��	vKB�Y¶9kN��	vkp=YaX4@WL�B0NM�	v�Y?Xk@dL�B0NM�5v�~�Á
_kF�®^¯6T	H/L5LqD^H�L	LSÁ

Ã�3�¦"Nd;^G5R0JdcKJ
Á

c	p^>0;6]k;5lfN/c	G^�"D/c�À
@4H49d]�3Wl4¯6]kJ^c4J�Á
G4;	J	:�353WFS½²_4¤kPW¦4§	¾Z½²_k¥KP/¦4§	¾�YU3	35¬�vK]�½´_k¤4PW¦k§k¾�½´_k¥4PW¦k§k¾�Á
9�Xkc4;6Ik;6Gf3�>"9/@4H^cS½´_k¤4P/¦4§k¾�½´_	¥KPW¦k§k¾�Á

Ã�3WF5G4;4D^HdX	R0JdcKJ�Á

2438F5G�9/@KJ^ck;1\K;	:W>K;6G|7^�	X"D/c�9dHdX�N1362

N/c4J^c09	D�F5G4;KDdHdX	R0J^c4J1[k:	:5H4DWF5G4;KDdHdX	R0J^c4J���¦�Nd;^G5RKJ^cKJ�]4J^c4J0��Á
N/c4J^c09	D�@kHK9d]y®�X"9/c6¦�NW;6G6R0J^c4J���9�X4ck;5I	;6G�L0p4¯W>K;�Ya_	FO®^¯6T	H�L	LqDdH/L	LSY�¦�NW;6G6R0J^c4J{]4JdcKJK��Á
N/c4J^c09	D�@kHK9d]|75G4;5;6F	Gk;KDdHdXkRKJ^c4J���F5G4;4D^HdX	R0JWcKJ¨>4]4J^c4J0��Á
N/c4J^c09	D�@kHK9d]�P6;6c�®MX"9/c�9^J	:^F5G4H6l096:6;0N���iK¯dj4;kDWckH6G¢��Ya¦�Nd;^G5RKJ^cKJ1]4J^c4J0��Á
N/c4J^c09	D�@kHK9d]|F5G�9MX4cKx/�4c^>	�4c���9MX4c4;6Ik;^G�L0pK¯/>0;�Ya_kF�®^¯5T5H/L5LqD^H�L	L°Y,:5HdX4I�9�Xkcy9^Hd>kcS½Â¾�Y

G4;	J	:{GkHd>4cZ½Ä¾�YQiK¯dj4;KD/c4H^G1�ZY,Gk;kJ	:8c"��Á
N/c4J^c09	D�@kHK9d]|F5G�9MX4c	709�X0J	:	PdcKJdcON���:5HWXKIh9�Xkcy9^HW>4cS½Â¾O��Á
N/c4J^c09	D�@kHK9d]|§4P5;WXK]���_kF�®^¯5T5H/L5LzDdH/L	LSY¶9�Xkc4;6Ik;6G�L0pK¯/>0;�Y¶9�Xkc4;5I	;6G�9	NM�5vKB�Y�9�X4ck;5I	;6G�9	NM�	vkp=Y

9MX4c4;6Ik;^G�]�N69d£k;6B�Y¶9MX4ck;5Ik;^G�]�N69d£	;6p=Y�G4;	J	:8�K]kJ^c4J=½Ä¾���Á
N/c4J^c09	D�@kHK9d]|§6`K;4DW@	FkH0N�c��¼_	FO®d¯5T	H�L	L�D^H�L	LSYa_kF�®^¯d`4;5�d�0;0N�chGk;5�^�K;0N�cS½Ä¾�Y�9MX4c4;6Ik;^G�L0p4¯W>K;�Y

9�Xkc4;5I	;6G�9	NM�5vKB�Y�9�X4ck;5I	;6G�9	NM�	vkp=Y
ñ ø



9�Xkc4;5I	;6G�]0N59W£k;5B�Y¶9�Xkc4;6Ik;6G|]�N59W£k;^p=Y
G4;	J	:8�0;6B5cZ½Ä¾�YaG4;kJ5:�v	�4l	l	;6GS½Â¾O��Á

N/c4J^c09	D�@kHK9d]|§6`K;4DW@5bKJ49/c��¼_	FO®d¯d`K;6�^�K;0N/c�Gk;5�d�0;0N�cS½Â¾�Y�9MX4ck;5Ik;^G�9kN��	v4B�Y¶9MX4c4;6Ik;^Gf9kN��	vkp=Y
9�Xkc4;5I	;6G�]0N59W£k;5B�YQG4;	J	:8�K;5B5cZ½Ä¾�YaG4;	J	:8v5�Kl	l	;6GZ½Ä¾O��Á

N/c4J^c09	D�@kHK9d]{�OD^H�L	LZ��9�Xkc4;5I	;6G1i=YUGk;kJ	:{c�YUiK¯dj4;KD/c4H^G1�ZYQ¦"Nd;6G6R0JdcKJ1]kJ^c4J0��Á
N/c4J^c09	D�@kHK9d]�lKD6J5:4D���9�Xkc4;5I	;6G1i=YUGk;kJ	:{c�YUG4;	J	:8�K]kJ^c4J=½Ä¾�YaGk;kJ	:h]d�K]kJ^cKJ�½Ä¾�Y?¦�NW;6G6R0J^c4J{]4JdcKJK��Á

24387^�	XODWc�9dHdX"N�TkJ5:	:6;5]{v4p�c^V0;�T^jKxdR	u�P5H	:^@k;6G�3^2

N/c4J^c09	D�@kHK9d]�l
��9MX4c4;6Ik;^Ghi=YUGk;kJ5:{c=YUiK¯dj4;4DWc4H^G{�ZYUi4¯^jk;KDWckH6G8�K]kH^c=YU@kHK9d]�3dl4¯^]4JdcKJ0��Á

N/c4J^c09	D|9MX4c�F	Gk;KDdHdXK]
��9MX4c4;6Ik;^G{i�YUG4;kJ5:1c6X�YUiK¯dj4;KD/c4H^G{�ZYUi4¯^j4;4DWckH6G�ld�ZYav0H5Hk:6;|»	HdA�Y
v0H	H	:5;�3d»KDM�4G	F5c	G�YaG4;	J	:hIkJ�L	LOJ�YQi4¯^jk;KDWckH6G&;d}kc�YQG4;	J	:8VZY
G4;kJ5:��4GkHd�5XK]�Y,:5HdX4I�9�Xkcy3�XKl	;6F5c	G=Y�@4H49d]�3WF4¯6]kJ^cKJ
Y
iK¯^jk;KD/c4H6G{@	ck;/L4>�m�YQi4¯^jk;KDWckH6G|@5c4;�L4>�~
YQiK¯dj4;4DWc4H^Gh@5c4;/Lk>0�0��Á

N/c4J^c09	D|9MX4c�FKP6Hk:d@4;
��9�Xkc4;5I	;6G1i=YUGk;kJ	:{c^XZYUi4¯^j4;4DWckH6G1��YUiK¯dj4;KD/c4H^G�l^��YUiK¯^jk;KD/c4H6G{@	ck;/L4>�Y
Gk;kJ	:hIkJ�L5L"J�YaiK¯^jk;KD/c4H6G|;^}	c=YUG4;	J	:h]	;k:^c4J�Y­:6HdX4If9�Xkcy3�XKl	;6F5c	G=Y
i4¯^j4;4DWckH6G|G�Y¹9�X4cf:dG=YU@kHK9d]�3WFK¯^]4JdcKJ�YaiK¯^jk;KD/c4H6Gh£O��Á

24353	353	3	353	353	3	353	353	3	353	353	3	353	363	353	363	3¹_0Jk9�X&F5G4H6I5GKJMLq3	353	353	3	353	353	3	353	353	3	353	353	3	353	363	353	363	362

L"Jk9�X���9�Xkc�J^G	I0D�Y¶D�V0J^Gy36JdGkI6@S½Ä¾��
À
G4;	J	:�J/v�N/ckHk:
YQG4;	:^c4H	:�YQc�YUc4HW�4c=YaG4Hd>kcS½�x^F	�4¯	P4®dÅ6u	¾�Á
:5HWXKI�9MX4cy9^HW>4cZ½�x^F5�K¯5PK®dÅ^uk¾�Á
iK¯dj4;4DWc4H^G{�ZÁ
¦�NW;6G6R0J^c4J{]4JdcKJ
Á
F	Gk;KDdHdXkRKJ^c4J�>4Gk;5]kJ^cKJ
Á
@4H49d]�35DW@4H6]k;	¯�LO;�L°Á
9�Xkcy9^HW�4c=Y,lk:	J^I�Á
9�Xkc4;6Ik;6G1X0;5��Y�:5H4D6J	:5¯^i�Y«L0p4¯W>K;�YaX	>K;0N�Á
L"JkD�Vku6X4@5�	p^>0;�LOJ4DMV4u6Xk@=Á
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